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1 Introduction
Theories with higher spin symmetry have long been speculated to be related to the tension-
less limit of string theory [1–3]. Recently, concrete proposals have been made for embed-
dings of higher spin/vector model dualities into string/gauge dualities. In [4] a particular
incarnation of an AdS4/Chern-Simons vector model duality [5, 6] has been put forward
and linked to string theory [7, 8]. The duality of [4] relates Vasiliev higher spin theories
extended with U(M) Chan-Paton factors and subject to N = 6 boundary conditions to the
large N limit of U(M)×U(N) ABJ theories. The O(N) vector model duality of Klebanov
& Polyakov [9] (see also [10] for recent progress on this topic) is recovered for M = 1, the
relation to string theory is established in the large M limit.
In one dimension lower, there have been successful attempts to obtain similar em-
beddings in the context of AdS3/minimal model holography [11] (see [12] for a review).
In [13, 14] dualities between the matrix extended Vasiliev higher spin theories on AdS3
based on the higher spin algebra shsM [µ] [15, 16] and the large N limit of SU(N +
M)/SU(N)×U(1) type cosets of supersymmetric Wess-Zumino-Witten models have been
proposed. A pivotal observation has been the finding in [13] that for the special valueM = 2
both theories exhibit enhanced large N = 4 superconformal symmetry, see also [17–20].
Then in [21], Gaberdiel & Gopakumar have convincingly demonstrated that these cosets
with M = 2 can be embedded into a free symmetric orbifold CFT with small N = 4
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supersymmetry, which is believed to be dual to the tensionless limit of string theory on
AdS3 × S3 × T4 [22]. They have proven that in the large level limit, in which the large
N = 4 superconformal algebra degenerates to the small N = 4 superconformal algebra, the
(perturbative part of the) coset can be described as a closed subsector of the (untwisted
sector of the) free symmetric orbifold (see also [23] for preliminary work). In particular,
this implies that the above higher spin theories with a Chan-Paton factor of size M = 2
can be viewed as a subsector of the tensionless limit of string theory on AdS3 × S3 × T4.
Finding a similar string theory interpretation for the higher spin/coset theories with
M > 2 turned out to be very difficult because not only do these theories lack the N = 4
superconformal symmetry [24], but in fact they do not appear to be supersymmetric at all.
The situation improved in [25], where it was noticed that the Kazama-Suzuki type variant
of the above cosets, which is in general N = 2, admits at a special value of the level k,
but still for general values of M and N , extended N = 3 superconformal symmetry. As
emphasized in [25], this important observation leaves only a few candidate string duals.
This paves the way for a more detailed study in which convincing evidence for (or against)
the duality with string theory can be produced.
In this work we shall study and test the matrix extended duality of [13, 14] for general
M . At the level of partition functions this duality has already been checked in [14, 24],
where it has been shown that the 1-loop partition function of the extended Vasiliev the-
ory matches precisely the coset partition function in the ’t Hooft limit (with null states
removed). In this paper, we shall compute the asymptotic symmetry algebra at low spins
(for M = 4), and check the agreement with the predictions from the dual coset theory.
Our computations reproduce similar results obtained by different methods in [14, 25].
The main objective of this paper is to study in a more systematic way the supersym-
metry of the Vasiliev theory based on the higher spin algebra shsM [µ]. As it turns out,
one can find supersymmetry subalgebras of shsM [µ] for any M > 2,
1 but, quite surpris-
ingly (see e.g. [26]), this does not automatically guarantee that the algebra of asymptotic
symmetries is superconformal. In fact, our analysis suggests that this is only possible for
M = 1 and M = 2, when the asymptotic symmetry algebra has N = 2 and large N = 4
superconformal symmetry.2 This has been predicted from the coset point of view in [24]
— although without providing any details of the computations.
Another goal of this work is to study the relation between the above matrix extended
Vasiliev theories and the higher spin theories based on the algebra shsE(N|2,R) [27, 28].
These theories have recently been investigated in [26] and [25]. In [26] Henneaux et al.
determined its asymptotic symmetry algebra and mentioned possible relations to string
theory; and in [25] (generalizing the earlier work of [29]) several dualities involving these
theories for odd N have been proposed. In the present paper, we shall propose coset duals
also for even N , and this will also allow us to shed some light on the relation between the
different coset duals proposed in [25] in the case of odd N .
1The N = 4 supersymmetry construction of [13] generalizes to shsM [µ] because of the natural embedding
shs
2
[µ] ⊂ shsM [µ] for M > 2.
2This does not contradict the coset construction [25] of N = 3 supersymmetry for any M because on
the higher spin side this corresponds to an extension of the asymptotic symmetry algebra of shsM
[
1
2
]
.
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The paper is organized as follows. In section 2 we introduce the matrix extended
higher spin algebras on which the Vasiliev theories in the duality of [13, 14] are based,
and show that they are related to the shsE(N|2,R) higher spin algebras and contain the
Lie superalgebra osp(N|2) as a subalgebra. In section 3 we do the asymptotic symmetry
analysis and compare it to the corresponding coset computation. The obstructions to
the existence of supersymmetry are studied more systematically in section 4 and finally,
section 5 contains a short summary of our results and conclusions. The OPEs used to
perform the coset computation can be found in appendix A.
2 The matrix extended higher spin algebras
In this section we shall introduce the higher spin algebras of the matrix extended Vasiliev
theories [15, 16]. In addition, we will show that these are related to the shsE(N|2,R)
higher spin algebras [27, 28] and contain the Lie superalgebra osp(N|2) as a subalgebra.
2.1 Construction
Let us begin by defining the N = 2 higher spin algebra shs[µ] [30]. It is well-known that
shs[µ] can be obtained from the associative algebra
sB[µ] =
U(osp(1|2))
〈Cas− 14µ(µ− 1)1〉
, (2.1)
where U(osp(1|2)) is the universal enveloping algebra and Cas is the Casimir of the Lie
superalgebra osp(1|2). A convenient basis for sB[µ] [15, 16] can be realized in terms of the
oscillators yˆ1, yˆ2 and k as
V (s)±m ∝ yˆ(α1... yˆαl)P± , (2.2)
where s = l2 +1 , l ∈ N and 2m = #yˆ1−#yˆ2 takes values in the range −s+1 ≤ m ≤ s−1,
while P± := (1± k)/2 are projectors due to the following properties of the operator k
kyˆα = −yˆαk , k2 = 1 . (2.3)
These relations are supplemented by those for the oscillators yˆα
[yˆα, yˆβ ] = yˆαyˆβ − yˆβ yˆα = 2iǫαβ(1+ νk) , (2.4)
where ǫαβ = −ǫβα, ǫ12 = 1, and ν = 2µ− 1.
A natural grading | · | on sB[µ] is induced by the operator k due to the relations (2.3).
Indeed, the generators V
(s)±
m with integer (half odd-integer) index s are even (odd) with
respect to k. In this paper we adopt standard convention and call them bosonic and
fermionic, respectively. Then we can define the following graded Lie bracket on sB[µ]
[a, b} := ab− (−1)|a||b|ba . (2.5)
Notice that there is a distinguished sl(2) subalgebra of sB[µ], namely the one corre-
sponding to the bosonic sl(2) subalgebra of the original osp(1|2) from (2.1). It is spanned by
L1 =
1
4i
yˆ21 , L−1 =
1
4i
yˆ22 , L0 =
1
8i
(yˆ1yˆ2 + yˆ2yˆ1) , (2.6)
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which correspond to the s = 2 piece of (2.2). With respect to this sl(2) subalgebra the
V
(s)±
m satisfy the commutation relations
[Lm, V
(s)±
n ] = [m(s− 1)− n]V (s)±m+n , (2.7)
and for this reason the index s in (2.2) is usually referred to as the ‘spin’ of the generator.
The Lie superalgebra sB[µ] decomposes (as a vector space) into the two subspaces
sB[µ] = C1⊕ spans>1(J0, V (s)±m ) (2.8)
with J0 := −12(ν+k), and one can check that the first subspace C1 in (2.8) is not generated
by the super-commutators on the second subspace. Hence, the subspace spans>1(J0, V
(s)±
m )
endowed with the graded Lie bracket (2.5) constitutes a Lie subsuperalgebra — the Lie
superalgebra, which we denote by shs[µ]. Observe that shs[µ] contains an N = 2 super-
symmetry subalgebra that is generated by J0, L0, L±1 and the four spin s = 3/2 generators
G±1/2 =
1
2
√
2
e−iπ/4yˆ1(1± k) , G±−1/2 =
1
2
√
2
e−iπ/4yˆ2(1± k) . (2.9)
We shall now extend the algebras sB[µ] and shs[µ] by tensoring them with the algebra
MatM of complex M ×M matrices. First, let us define
sB[µ]M := sB[µ]⊗MatM . (2.10)
Clearly, sBM [µ] is an associative superalgebra, which can be turned into a Lie superalgebra
in the usual way. It inherits a natural sl(2) subalgebra Lm ≡ Lm⊗1M , a grading |a⊗A| =
|a| and a trace tr a ⊗ A = tr a trA, where the trace on sB[µ] is defined as the projection
on the identity from (2.8). A convenient basis for sBM [µ] is given by
V (s)ij±m ∝ V (s)±m ⊗ Eij , (2.11)
where the (Eij)mn = δimδjn are the standard matrix basis elements. Eliminating the gl(1)
subalgebra spanned by 1⊗ 1M , we get the so-called matrix extension of shs[µ]
shsM [µ] := 1⊗ sl(M) ⊕ shs[µ]⊗ 1M ⊕ shs[µ]⊗ sl(M) (2.12)
Its spin s = 1 subspace is a direct sum of the two mutually commuting subalgebras
sl(M)± := P± ⊗ sl(M) (2.13)
together with the gl(1) subalgebra generated by J0 ⊗ 1M = −12(ν + k) ⊗ 1M . Using the
explicit basis (2.2), it can be checked that the spin s subspaces of shsM [µ] decompose into
the following multiplets of sl(M)+ ⊕ sl(M)− ⊕ gl(1)
s = 1 : (adj, 0)0 ⊕ (0, adj)0 ⊕ (0, 0)0 (2.14)
s ∈ N+ 1
2
: (f, f∗)−1 ⊕ (f∗, f)1
s ∈ N+ 1 : (adj, 0)0 ⊕ (0, adj)0 ⊕ 2(0, 0)0 ,
where f and f∗ is the fundamental and anti-fundamental representation of sl(M), respec-
tively, adj is the adjoint representation and the lower index denotes the J0 charge.
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2.2 Relation to the shsE(N|2,R)
Our next aim is to show that the higher spin algebras shsM [µ] at the special value µ = 1/2
are closely related to another class of higher spin algebras, usually denoted by shsE(N|2,R),
which were introduced by Vasiliev in [27] (see also [28]). We shall see that the following
isomorphisms hold
shsM
[
1
2
]
∼= shsE(N|2,R) with M = 2N/2−1 and N even , (2.15)(
shsM
[
1
2
])Z2 ∼= shsE(N|2,R) with M = 2(N−1)/2 and N odd , (2.16)
where
(
shsM
[
1
2
])Z2 ⊂ shsM [12] is the subalgebra fixed by the Z2-automorphism k → −k.
As explained in the Introduction these isomorphisms will eventually allow us to relate the
results of our paper to the recent works of [26] and [25], cf. section 2.3.
The higher spin algebra shsE(N|2,R) can be realized, similarly as shsM [µ], in terms
of oscillators. To this end, let us introduce two bosonic oscillators yˆα, α = 1, 2 as well as
N fermionic oscillators ψˆi, i = 1, . . . ,N , which satisfy the relations3
[yˆα, yˆβ ] = 2iǫαβ , {ψˆi, ψˆj} = 2δij , [yˆα, ψˆi] = 0 . (2.17)
Then shsE(N|2,R) can be defined as the oscillator algebra generated by all polynomials
in these oscillators subjected to the constraint
p+ q +K ∈ 2Z , (2.18)
where we denoted by p and q the power of the oscillators yˆ1 and yˆ2, respectively, while K
counts the total number of fermionic oscillators ψˆi.
The higher spin algebra shsE(N|2,R) defined as above can be thought of as a ‘poly-
nomial’ extension of the Lie superalgebra osp(N|2). Indeed, it is easy to check that the
polynomials of degree two in the oscillators
Xij ≡ 1
2
ψˆiψˆj , Xαj ≡ 1
2
yˆαψˆi , Yαβ ≡ − i
2
yˆαyˆβ (2.19)
form an osp(N|2) subalgebra.
Our next goal is to prove the above isomorphisms (2.15) and (2.16). In a first step, we
shall show that the spectra of the algebras agree. In fact, it is a simple exercise to count
the number of generators of the higher spin algebra shsE(N|2,R): from the fact that the
‘conformal’ sl(2) subalgebra is spanned by the generators Yαβ , it follows that the (modes
3For the sake of consistency, we chose to employ the same conventions as in section 2.1 to describe the
oscillators. Note, however, that there exists an alternative description of shsE(N|2,R) (see e.g. [27] or [26])
in terms of symbols and a star product defined as
(f ⋆ g)(z) ≡ f(z′) exp
(
iǫαβ
←−
∂
∂y′α
−→
∂
∂y′′β
+ δij
←−
∂
∂ψ′i
−→
∂
∂ψ′′j
)
g(z′′)
∣∣∣∣
z′,z′′→z
,
where we have used the shorthanded notation z = (y1, y2, ψ1, . . . , ψN ).
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of the) generators of spin s are given by the products of p yˆ1-oscillators and q yˆ2-oscillators
such that p+ q = 2(s− 1), where the 2s− 1 pairs (p, q) correspond to the 2s− 1 different
modes of the spin-s generators. Furthermore, there are 2N−1 allowed “configurations” of
the fermionic oscillators at each fixed spin. (The exception being the generators of spin
1 from which we exclude the identity.) That is the higher spin algebra consists of 2N−1
generators of spin s ≥ 3/2 (and 2N−1 − 1 generators of spin 1).
We can compare this now with the spectra of the matrix extended higher spin algebras.
It follows e.g. from eq. (2.14) that the higher spin algebra shsM [µ] contains 2M
2 generators
of spin s ≥ 3/2 (and 2M2−1 generators of spin 1). Hence, due to the relationM = 2N/2−1,
we conclude that indeed the spectra of generators of the two algebras in (2.15) agree, and
similarly in (2.16).
To complete the proof of the above isomorphisms, recall that the irreducible repre-
sentations of the Clifford algebra with N generators are of dimension M = 2⌊N/2⌋. In
particular, this means that the matrix part of
(
shsM
[
1
2
])Z2 with M = 2ℓ can accommo-
date at most N = 2ℓ+1 Gamma matrices, which we denote by Γ1, . . . ,Γ2ℓ+1. They satisfy
the Clifford algebra relations
{Γp,Γq} = 2δpq1M . (2.20)
The isomorphism (2.16) with N = 2ℓ+ 1 can be constructed as follows. First, notice
that shsE(N|2,R) is generated by the elements yˆαyˆβ , yˆαψˆp and ψˆpψˆq. Then one can easily
check that the following mapping of these generators into elements of shsM
[
1
2
]
yˆαyˆβ 7→ yˆαyˆβ ⊗ 1M , yˆαψˆp 7→ yˆα ⊗ Γp , ψˆpψˆq 7→ 1⊗ ΓpΓq (2.21)
is compatible with the associative product. Since the two algebras have the same spectrum
at every spin s, it follows that this algebra homomorphism is also an isomorphism.
The isomorphism (2.15) for N = 2ℓ+ 2 must be constructed a bit differently because
one has one more ψˆ than Gamma matrices. Explicitly, in addition to eqs. (2.21) with
p, q ≤ 2ℓ+ 1 one must add the following identifications
yˆαψˆN 7→ yˆαk ⊗ 1M , ψˆpψˆN 7→ k ⊗ Γp . (2.22)
Once again, it is straightforward to check the compatibility of this mapping with the
associative product.
2.3 Relation of the W-algebras
In the previous section we have seen that for even N the higher spin algebras shsE(N|2,R)
are isomorphic to the higher spin algebras shsM [µ] for µ = 1/2 and M given as in (2.15).
This means that all the results, which we will obtain in the following sections for the matrix
extended higher spin theories, also hold for the higher spin theories based on shsE(N|2,R).
In particular, the isomorphism (2.15) together with the holographic duality of [13, 14]
implies that the coset duals of the shsE(N|2,R) higher spin theories with N = 2ℓ+ 2 are
given by the large N limit of the cosets (3.1) with k = N and M = 2ℓ. This resolves one of
the questions raised in [26]. Another immediate consequence from the isomorphism (2.15)
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is that the λ-deformed shsE(N|2,R) higher spin theories are simply given by the higher
spin theories based on shsM [λ] (cf. the discussion in [26] and also [31]).
On the other hand, the case of odd N is more subtle. This is because the isomor-
phism (2.16) between higher spin algebras is not guaranteed to lift to an isomorphism
between asymptotic symmetry algebras (ASA), i.e. the isomorphism
ASA
(
shsM
[
1
2
])Z2 ?∼= (ASA shsM[12
])Z2
(2.23)
is far from obvious. An illustrative example of a higher spin algebra embedding which does
not promote to an ASA embedding is discussed in section 3.1. Let us remark that one of
the proposals in [25] that the coset duals of the higher spin theories based on shsE(N|2,R)
for N odd are given by a Z2-orbifold of the cosets (3.1) relies on the validity of the above
isomorphism.
2.4 Supersymmetry subalgebras
In this section we shall construct explicitly osp(N|2) subalgebras of shsM [µ] with M = 2ℓ
and µ = 1/2 for N = 2ℓ + 1 and N = 2ℓ + 2. Let us emphasize that setting µ = 1/2 is
indeed necessary for the reasons that we will explain in a moment.
We consider the case of N = 2ℓ+ 1 first. Let us define the spin s = 1 generators
J
(kl)
0 = 1⊗
[Γk,Γl]
4
(2.24)
and the spin s = 3/2 generators
Gpr =
e−iπ/4
2
yˆα ⊗ Γp . (2.25)
Here 1 ≤ k, l, p ≤ N and Γp are the maximum number of 2ℓ + 1 Gamma matrices, which
can be realized in M = 2ℓ dimensions. We assume in the following that M 6= 1. A
straightforward computation then reveals that these spin s = 1 and s = 3/2 generators
satisfy the (anti-) commutation relations
[J
(ij)
0 , J
(kl)
0 ] = δjkJ
(il)
0 + δilJ
(jk)
0 − δjlJ (ik)0 − δikJ (jl)0 , (2.26)
[J
(kl)
0 , G
p
r ] =
∑
q
ρ(kl)qp G
q
r , (2.27)
as well as
{Gpr , Gqs} = 2 δpqLr+s +
s− r
2

∑
(kl)
ρ(kl)qp J
(kl)
r+s + νk ⊗
[Γp,Γq]
2

 , (2.28)
where
ρ(kl)qp = δqkδlp − δqlδkp (2.29)
are the matrix elements of the fundamental representation of so(N ), while the sum is
understood to be over all pairs (kl) (not just the ordered ones). The Jacobi identities are
guaranteed to be satisfied due to the associativity of the higher spin algebra.
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If we now set µ = 1/2, i.e. ν = 0, we find that the generators defined in (2.24), (2.25)
indeed satisfy the (anti-)commutation relations of the Lie superalgebra osp(N|2). Notice
that since k ⊗ [Γp,Γq ]2 does not belong to the spin 1 fields of the superalgebra (2.24), it
follows from (2.28) that the osp(N|2) algebra only closes at ν = 0 (µ = 1/2).
In other words we have explicitly constructed a subalgebra osp(N|2) of shsM [12 ] with
N as in (2.16). The relation between the N and M is summarized in the following table
shs2
[
1
2
]
shs4
[
1
2
]
shs8
[
1
2
]
shs16
[
1
2
] · · ·
N = 3 N = 5 N = 7 N = 9 · · ·
.
Now let us turn to the case of N = 2ℓ+ 2. In that case we set
J
(kl)
0 = 1⊗
[Γk,Γl]
4
, J
(lN )
0 =
i
2
k ⊗ Γl = −J (N l)0 , (2.30)
as well as
Gpr =
e−iπ/4
2
yˆα ⊗ Γp , GNr =
eiπ/4
2
yˆαk ⊗ 1 , (2.31)
with 1 ≤ k, l, p ≤ N − 1. For later use let us also define
J
(kl)
± = P± ⊗
[Γk,Γl]
4
, J
(lN )
± = ±
i
2
P± ⊗ Γl = −J (N l)± . (2.32)
Here Γp are the Gamma matrices from the previous case. These generators satisfy the
same commutation relations as above, together with the following new relation
{Gpr , GNs } =
s− r
2
[∑
(kl)
ρ
(kl)
Np J
(kl)
r+s + ν1⊗ Γp
]
. (2.33)
Notice that here k and l take values in the range 1 ≤ k, l ≤ N . For similar reasons as
above we set ν = 0, which leads to the following relations between N and M
shs[µ] shs2
[
1
2
]
shs4
[
1
2
]
shs8
[
1
2
]
shs16
[
1
2
] · · ·
N = 2 N = 4 N = 6 N = 8 N = 10 · · ·
.
3 Checking the matrix extended duality
In [13, 14] it has been conjectured that the Vasiliev theories based on the higher spin
algebra shsM [µ] from the previous section are dual to the ’t Hooft limit of the coset CFTs
su(N +M)k ⊕ so(2NM)1
su(N)k+M ⊕ u(1)κ (3.1)
where κ =MN(M +N)(k +N +M), and the ’t Hooft limit is taken by letting
N, k →∞ with λ = N
k +N
∼= N
k +N +M
held fixed . (3.2)
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The parameter λ in eq. (3.2) is the ’t Hooft coupling, which has to be identified with the
parameter µ from the higher spin algebra. In the ’t Hooft limit the central charge of the
coset
c =
3NMk + (k +N)(M2 − 1)
k +N +M
∼= 3Mλk (3.3)
diverges proportionally to N which is characteristic of all minimal model dualities.
In the following we first determine the asymptotic symmetry algebra of the Vasiliev
higher spin theories, and then compare it to the chiral symmetry algebra of the coset (3.1)
in the ’t Hooft limit.
3.1 Asymptotic symmetry analysis
Let us begin with a very brief review of the matrix extended Vasiliev higher spin theories.
In order to construct these one has to impose a reality condition on shsM [λ] (see [15, 16]),
which selects the unitary real forms of the subalgebras sl(M)± at spin s = 1. Then the
full Vasiliev theory contains the gauge connection 1-forms A, A¯ taking values in shsM [µ]
as well as 0-forms C, C¯ taking values in sBM [µ]. All fields are defined on a 3-manifold M
with the topology of a solid cylinder.
Since the scalar fields C, C¯ are not relevant for the asymptotic symmetry analy-
sis, we focus in the following on the gauge field sector, which can be conveniently de-
scribed in the Chern-Simons formalism that was originally introduced for 3-dimensional
(super)gravity [32, 33]
I = ICS(A, kcs)− ICS(A¯, kcs) , ICS(A, kcs) = kcs
4π
∫
M
Tr
(
A∧dA+ 2
3
A∧A∧A
)
. (3.4)
Here and in the following we shall employ the same notation as in [13, 18]. Notice that
the components of A (and A¯) contain 2M2− 1 spin one gauge fields, and 2M2 gauge fields
for each spin s ≥ 3/2; and one of the spin 2 fields, namely the one corresponding to the
conformal sl(2) subalgebra spanned by the generators defined in (2.6), corresponds to the
graviton.
Next we shall determine the asymptotic symmetry algebra following the known proce-
dure of [34–37] (see also [12] for a review). We are interested in gauge connections satisfying
the asymptotic AdS3 boundary condition
A−AAdS3 ∼ O(ρ0) , A¯− A¯AdS3 ∼ O(ρ0) , ρ→∞ , (3.5)
where ρ is the radial coordinate of the cylinder and AAdS3 is the AdS3 solution given by
AAdS = e
−L0ρ
(
L1 +
L−1
4
)
eL0ρdx+ L0dρ ,
A¯AdS = −eL0ρ
(
L−1 +
L1
4
)
e−L0ρdx¯− L0dρ . (3.6)
Here x = t/ℓ+ θ, x¯ = t/ℓ− θ, and t is the time coordinate and θ is the angular coordinate
on the cylinder.
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The above boundary conditions and further gauge fixing [35] (see also [38] for the
treatment of the supersymmetric case) lead to the following gauge fixed connection
A = b(ρ)−1a(x+)b(ρ) , b(ρ) = eρL0 , (3.7)
with
a(x+) = L1 +
∑
s,i,j,ε=±
A(s) ij ε(x+)V (s) ij ε1−s . (3.8)
Then the residual gauge symmetry that leaves the form of the gauge fixed connection (3.7)
unchanged defines the asymptotic symmetry algebra. More concretely, the gauge variation
of the connection is described by
δγa = dγ + [a, γ] =
∑
s,i,j,m,ǫ
c(s) ij ǫm (a, γ)V
(s) ij ǫ
m , (3.9)
where the position dependent (and also field dependent) gauge transformation parameter
γ takes values in shsM [µ]. Then imposing the AdS boundary condition and the gauge
choice (3.8) imply that
c(s) ij ǫm = 0 , m 6= 1− s , ∀s, i, j, ǫ . (3.10)
Solving the above equations and plugging the results into δγa =
∑
s,i,j,ǫ
c
(s) ij ǫ
1−s V
(s) ij ǫ
1−s leads
to the variation of the gauge connection under the asymptotic symmetry algebra. We
can convert the variations into classical operator product expansions (OPEs), which is a
convenient form to compare with the CFT computation. We will follow the convention
of [36, 37] for this conversion and we shall directly provide the results in the OPE form.
For the purpose of this paper, we are only interested in the OPEs between certain
linear combinations of the spin 1 and spin s = 3/2 generators, namely those combinations
that correspond to the generators of the osp(N|2) subalgebra of shsM [12 ] from section 2.4.
In fact, we shall restrict ourselves in the following to the case when N = 6 and M = 4.
As far as the comparison with the coset algebra is concerned this choice of generators is of
course as good as any other. It will, however, prove to be a very convenient one in section 4
when we study supersymmetry. Thus, let us observe that the spin 1 generators defined in
eq. (2.30) can be written as
J
(kl)
0 =
1
4
∑
i,j
(
V
(1) ij+
0 + V
(1) ij−
0
) (
[Γk,Γl]
)
ij
, J
(lN )
0 =
i
2
∑
i,j
(
V
(1) ij+
0 − V (1) ij−0
) (
Γl
)
ij
,
(3.11)
where 1 ≤ k, l ≤ N − 1 and 1 ≤ i, j ≤ M , and let us denote by J (kl) and J (lN ) the
corresponding (inverse) linear combinations of the A-fields from eq. (3.8). Similarly, we
shall denote by J (kl)± and J (lN )± the combinations corresponding to the higher spin fields
defined in (2.32). In addition, observe that the spin s = 3/2 generators defined in eq. (2.31)
can be written as
Gpr =
e−iπ/4
2
∑
u,v
(
V (3/2)uv+r + V
(3/2)uv−
r
) (
Γp
)
uv
, (3.12)
GNr =
eiπ/4
2
∑
u
(
V (3/2)uu+r − V (3/2)uu−r
)
,
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where 1 ≤ p ≤ N − 1 and 1 ≤ u, v ≤M , and let us denote the corresponding combinations
of A-fields by Gp and GN . We have computed the classical OPEs between these fields using
Mathematica in the case when the matrix factor M = 4. Our results can be written in the
following form: the classical OPEs of the spin 1 currents J form an so(N ) current algebra
at level
2kcs
(1 + ν)(1− ν) (3.13)
and their OPE with the G-fields reads
J (kl)(z)Gp(w) ∼ ρ
(kl)
qp Gq(w)
z − w , (3.14)
while the OPEs between spin-3/2 operators are given by
Gp(z)Gq(w) ∼ δpq4kcs
(z − w)3 +
δpq2 T (w)
z − w +
Vpq(w)
z − w
+
2
(
(1 + ν)J (pq)+ + (1− ν)J (pq)−
)
(w)
(z − w)2 +
∂
(
(1 + ν)J (pq)+ + (1− ν)J (pq)−
)
(w)
z − w . (3.15)
Here the indices k, l, p, q take values in the range 1 ≤ k, l, p, q ≤ N , and T is the energy
momentum tensor given by the expression
T = 1
2M
∑
i,ε
A(2) ii ε + 1
2kcs
∑
i,j
(
(1 + ν)A(1) ij+A(1) ij+ + (1− ν)A(1) ij−A(1) ij−
)
(3.16)
with central charge
c = 6kcs . (3.17)
The operator Vpq contains all the terms of the first order pole in the OPE between
Gp(z)Gq(w), which are not part of the energy momentum tensor and are not derivatives of
the currents. It is given as
Vpq := −(1− ν
2)
2kcs
[
δpq
∑
i,j,ε
A(1) ij εA(1) ij ε +
∑
i,j,k,l
C
(pq)
ijklA(1) ij−A(1) kl+
]
(3.18)
with
C
(pq)
ijkl =
(
ΓpilΓ
q
kj + Γ
q
ilΓ
p
kj
)
, C
(pN )
ijkl = −i
(
Γpilδkj − δilΓpkj
)
, C
(NN )
ijkl = 2δilδkj .
Let us remark that if we set ν = 0 and ignore the N th supercharge we recover (the structure
of) the expression in eq. (6.20) of [25]. Now from the above results we can conclude that at
ν = 0 the wedge modes of the J and G generators form an osp(N|2) subalgebra. However,
as we shall explain in section 4 it also follows from these results that the asymptotic symme-
try algebra does not possess extended superconformal supersymmetry. But before we ad-
dress this point, we will compare these results with the OPEs computed from the coset CFT.
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3.2 The dual coset theories
In this section we shall define the coset currents corresponding to the asymptotic symmetry
generators defined in eqs. (3.11), (3.12) and (3.8), and compute the (quantum) OPEs
between them. In contrast to section 3.1, we will obtain the results for all values of the
parameter M with M = 2N/2−1 for N even. In the next section we will then show that
these results (for M = 4) agree in the ’t Hooft limit with the classical OPEs that we
obtained in eqs. (3.14) and (3.15).
In the following we shall employ the same notation as in [24]. First, let us introduce
a basis for the currents corresponding to the factor su(N +M)k in the numerator of the
coset (3.1). It is convenient to choose a basis that splits according to the decomposition
su(N +M)k ≃ su(N)k︸ ︷︷ ︸
JA
⊕ su(M)k︸ ︷︷ ︸
JI
⊕ u(1)︸︷︷︸
J
⊕ (N, M¯)N+M︸ ︷︷ ︸
Jai
⊕ (N¯ ,M)−N−M︸ ︷︷ ︸
J¯ai
(3.19)
where the lower index denotes the J-charge. Thus, JA, JI and J denote the basis elements
generating the affine superalgebras su(N)k, su(M)k and u(1), while J
ai and J¯ai are the
elements transforming in the representation (N, M¯) and (N¯ ,M), respectively.
Then there are the currents that can be constructed from the NM Dirac fermions ψai
and their conjugates ψ¯ai corresponding to the so(2NM)1 factor of the coset. A basis for
these are given by
KA = tAab : ψ
aiψ¯bi : , KI = tIij : ψ¯
aiψaj : , K = ψaiψ¯ai , (3.20)
where tAab, t
I
ij are the matrix elements of the fundamental representation of the algebras
su(N) and su(M) generated by the currents JA and JI , see appendix A. These currents
generate the algebra
su(N)M︸ ︷︷ ︸
KA
⊕ su(M)N︸ ︷︷ ︸
KI
⊕ u(1)NM︸ ︷︷ ︸
K
, (3.21)
and with respect to them the Dirac fermions ψai transform in the representation (N, M¯)1,
and their conjugates ψ¯ai in the representation (N¯ ,M)−1. All the OPEs between the cur-
rents defined in (3.19) and (3.20) can be found in appendix A.
Finally, we have to specify how the denominator of the coset su(N)k+M ⊕ u(1)κ is
embedded into the numerator. The embedding is given by
J˜A := JA +KA , J˜ := J + (N +M)K , (3.22)
where the relative coefficient between J and K in the definition of J˜ is determined in such
a way that Jai and ψai have the same J˜-charge, which is required by the N = 1 super-
symmetry of the parent coset theory of the coset (3.1) (see e.g. [24] for more information).
The overall factor in J˜ is chosen such that all representations have integer U(1) charges.
The corresponding OPE is given by
J˜(z)J˜(w) ∼ κ
(z − w)2 , κ := NM(N +M)(k +N +M) . (3.23)
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After this preliminary work, we can now define the coset (3.1) as the algebra of normal
ordered differential polynomials in the numerator currents that are regular with respect to
the denominator currents of eq. (3.22). A particular example of a coset current is, of course,
the energy momentum tensor. It can be computed according to the GKO construction [39,
40] as the difference between the energy momentum tensor of the numerator and the
denominator of the coset, the result being
T =
1
2(k +N +M)
[
(JIJI) + (KIKI) + (JaiJ¯ai) + (J¯aiJai)− 2JK/NM
− 2KAJA − k : (ψai∂ψ¯ai + ψ¯ai∂ψai) :] . (3.24)
Other currents of low spin can be written down explicitly as well. In particular, it is
easy to convince ourselves that all the 2M2− 1 spin 1 fields of the coset (3.1) are given by
JI , KI , U =
J − kK
k +N +M
, (3.25)
and the 2M2 spin s = 3/2 currents by
ψaiJ¯aj , Jaiψ¯aj , (3.26)
where i, j are free indices. In [24] it is explained in some detail how currents of spin s ≥ 2 can
be constructed. However, for our purposes it suffices to consider particular combinations
of spin 1 and spin s = 3/2 currents — namely the ones corresponding to the generators
defined in eqs. (3.11), (3.12) and (3.8) from the previous section. These are given by
J (kl) =
(
JI +KI
)
tr
(
tI [Γk,Γl]
)
4
, J (lN ) =
i
(
JI −KI) tr (tIΓl)
2
, (3.27)
and J (N l) := −J (lN ), as well as
Gp =
(
Jaiψ¯aj + ψaiJ¯aj
)
Γpji√
k +N +M
, GN =
i
(
Jaiψ¯ai − ψaiJ¯ai)√
k +N +M
, (3.28)
where the free indices k, l, p take values in the range 1, 2, 3, . . . ,N − 1 and N is even. The
Gamma matrices Γp (with p = 1, . . . ,N−1) are realized inM = 2N/2−1 matrix dimensions,
and satisfy the Clifford algebra relation (2.20).
Then a straightforward computation reveals that the OPE between the spin 1 cur-
rents (3.27) form an so(N ) current algebra at level
(k +N)M
4
(3.29)
and their OPE with the spin s = 3/2 currents (3.28) are given by
J (kl)(z)Gp(w) ∼ ρ
(kl)
qp Gq(w)
z − w . (3.30)
Here the indices k, l, p are allowed to take values in the range 1, 2, 3, . . . ,N and ρ(kl)qp are
the matrix elements of the fundamental representation of so(N ).
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Finally, we can also compute the OPEs between the spin s = 3/2 generators and
themselves. The results of this computation read
Gp(z)Gq(w) ∼ δpqb
(z − w)3 +
δpq2T (w)
z − w +
V pq(w)
z − w (3.31)
+ γ
[
(NJI + kKI)(w)
(z − w)2 +
∂(NJI + kKI)(w)
2(z − w)
]
tr
(
tI [Γp,Γq]
)
,
Gp(z)GN (w) ∼ V
pN (w)
z − w + 2iγ
[
(NJI − kKI)(w)
(z − w)2 +
∂(NJI − kKI)(w)
2(z − w)
]
tr
(
tIΓp
)
,
GN (z)GN (w) ∼ b
(z − w)3 +
2T (w)
z − w +
V NN (w)
z − w ,
where p, q = 1, 2, 3, . . . ,N − 1 and
b =
2kNM
k +N +M
, γ =
1
k +N +M
, (3.32)
while the components of the operator V are given by
V pq = −γ [δpq(JIJI) + δpq(KIKI) + JIKJ tr (ΓptIΓqtJ + ΓqtIΓptJ)] , (3.33)
as well as
V pN = i γJIKJ tr
(
ΓptItJ − tIΓptJ) , V NN = −γ (JI +KI)2 . (3.34)
3.3 Matching the symmetry algebras
In the previous two sections we have computed classical OPEs between operators of low
spins in the asymptotic symmetry algebra based on shsM [µ] as well as ‘quantum’ OPEs in
the dual coset CFT. Now we shall check whether these results agree in the ’t Hooft limit,
cf. (3.2).
The OPEs between the so(N ) currents of spin 1 agree if the central terms (3.13), (3.29)
match. This fixes the relation between kcs and k in the ’t Hooft limit as follows
kcs =
kMλ
2
. (3.35)
Next, the OPEs (3.14), (3.30) between the currents of spin 1 and 3/2 are manifestly the
same, while the central charges (3.3), (3.17) of the Virasoro algebras also agree using (3.35).
It only remains to consider the OPE between the spin s = 3/2 operators, see eqs. (3.15)
and (3.31), which we do next.
The higher spin counterpart of the central term b appearing in the coset OPE (3.31)
is 4kcs, see eq. (3.15), and this agrees (in the ’t Hooft limit) with the definition (3.32) if
one uses (3.35).
Next, let us consider the second order pole. E.g. from eqs. (3.14) and (3.30) it follows
that we have to identify the spin 1 currents J (kl)+ and J (kl)− of the asymptotic symmetry
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algebra with the coset currents JI tr
(
tI [Γk,Γl]
)
/4 and KI tr
(
tI [Γk,Γl]
)
/4 for k, l ≤ N −1,
and iJI tr
(
tIΓk
)
/2 and −iKI tr (tIΓk) /2 for l = N , respectively. Their coefficients agree
1 + ν ∼= 2N
k +N +M
and 1− ν ∼= 2k
k +N +M
(3.36)
due to eq. (3.2) and the relation ν = 2λ− 1.
Finally, consider the terms in the first order pole. Because the coefficients of the deriva-
tives of the spin 1 currents and the energy momentum tensor agree due to eq. (3.36), it
remains to consider only the operators Vpq and V pq, respectively. Naively, one would expect
that their contribution to the OPE vanishes in the ’t Hooft limit due to the overall factor
1/(k+N+M). However, as explained e.g. in [41] taking the ’t Hooft limit ofW-algebras in-
volves a rescaling of the (simple) operators and if one carries out this analysis correctly, one
finds that the operator does contribute in the limit. The comparison of these bilinear terms
provides a non-trivial consistency check for the holographic duality proposed in [13, 14].
Now in order to see whether the operators Vpq and V pq do indeed agree, observe that
we have to identify the (traceless part of the) operators A(1) kl+ and A(1) kl− with JItIkl
and KItIkl. In addition, we need that
(1 + ν)(1− ν)
2kcs
=
(1 + ν)(1− ν)M
8kcs
∼= 1
k +N +M
, (3.37)
which works due eq. (3.35), where we have used the fact that we have set M = 4 in
section 3.1.
In conclusion, we have compared in this section non-trivial OPEs between operators of
spin s = 3/2 in the asymptotic symmetry algebra of shsM [µ] and the dual coset chiral alge-
bra and found agreement. In particular, we have shown that the bilinear terms appearing
in the first order pole of these OPEs precisely agree in the ’t Hooft limit.
4 Existence of extended supersymmetries
In this section we shall study the structure of the asymptotic symmetry algebra and chiral
algebra of the cosets (3.1) more systematically. Our objective is to determine whether the
asymptotic symmetry algebra of the matrix extended higher spin theory, or equivalently
the coset chiral algebra, is supersymmetric.
Let us try to get some hint on how to proceed from the discussion in section 2.4, where
we have shown that the higher spin algebra shsM [µ] contains for µ = 1/2 and
M = 2N/2−1 with N even , (4.1)
the Lie superalgebra osp(N|2) as a subalgebra. Based on this observation, we might expect
the asymptotic symmetry algebra of shsM [µ] to exhibit N -extended superconformal sym-
metry at µ = 1/2. However, as we have already noted at the end of section 3.1, it follows
from our analysis of low lying OPEs in sections 3.1 and 3.2 that this is not the case. The
N -extended superconformal symmetry is broken by bilinear terms. In the following let us
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explain this point in some more detail from the coset point of view, where the condition
that µ = 1/2 corresponds to setting
k = N . (4.2)
First, observe that for k = N the OPEs between the spin s = 3/2 operators computed in
eq. (3.31) simplify considerably and take the form
Gp(z)Gq(w) ∼ δpqb
(z − w)3 +
δpq2T (w)
z − w +
V pq(w)
z − w + σρ
(kl)
qp
[
J (kl)(w)
(z − w)2 +
∂J (kl)(w)
2(z − w)
]
, (4.3)
where σ = −2N/(2N +M). Recall that the operator V pq contains all the terms of the first
order pole in the Gp(z)Gq(w) OPE which are not part of the energy momentum tensor
and are not derivatives of the currents. The explicit expression can be found in eqs. (3.33)
and (3.34). Then the existence of supersymmetry is paramount to testing whether the
operator V pq can be written in terms of bilinears of the spin 1 currents from eq. (3.27).
Note that it is plausible that this can be done since V pq is bilinear in the coset currents JI
and KI and contains none of the 2M2 spin 2 coset currents. However, we have checked that
V pq can be rewritten solely in terms of the so(N ) currents (3.27) only if M = 1 or M = 2.
The fact that the coset algebra is supersymmetric forM = 1, 2 is of course well-known.
The case M = 1 corresponds to the CPN Kazama-Suzuki cosets, which are N = 2 super-
symmetric, see [42]. The reason why the operator V pq vanishes identically in this case is
actually that there are no coset currents JI and KI . The case M = 2, on the other hand,
corresponds to the Wolf space cosets, which are known to have non-linear large N = 4 su-
persymmetry for any N and k [43–45]. In this case the operator Vpq is a bilinear expression
in the g = so(4) currents of the large (non-)linear N = 4 superconformal algebra simply
because this current algebra contains all the coset currents JI , KI , see also [13]. Note that
nothing is special at µ = 1/2 (i.e. k = N) because Vpq has the same form everywhere.
Let us emphasize that from the above analysis we cannot draw the conclusion that
the asymptotic symmetry algebra and the coset cannot possess any supersymmetry for
M ≥ 2. We have merely shown that the most naive ansatz for the spin 1 currents and the
‘supercharges’ does not yield an N -extended superconformal subalgebra of the asymptotic
symmetry and coset algebras except for M = 1 and M = 2. However, we have checked
that even a much more general ansatz does not provide osp(N|2) supersymmetry. Again
let us present our results in the coset picture. For the spin 1 currents we make the ansatz
LP = CPI+ J
I + CPI− K
I , (4.4)
and for the ‘supercharges’ we set
Gp =
1√
k +N +M
(xp+J
aiψ¯aj + xp−ψ
aiJ¯aj)Γpji . (4.5)
Notice that trilinears in the fermions cannot appear due to e.g. the neutrality conditions
with respect to the u(1) factor in the denominator of the coset. Here CPI± , x
p
± and Γ
p are
unknown constants and matrices, respectively. The coset is supersymmetric if and only if
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these unknowns can be chosen in such a way that the currents LP generate a subalgebra
gˆ ⊂ su(M)k ⊕ su(M)N and the OPEs between the supercharges take the form
Gp(z)Gq(w) ∼ δpq b˜
(z − w)3 +
δpq2T (w)
z − w +
V˜pq(w)
z − w +
+ σ˜ρPqp
[
LP (w)
(z − w)2 +
∂LP (w)
2(z − w)
]
+ ξ ρUqp
[
U(w)
(z − w)2 +
∂U(w)
2(z − w)
]
, (4.6)
with V˜pq being a quasiprimary operator bilinear in the currents L
P . Notice that the Jacobi
identities LGG and UGG imply that the (a priori unknown) coefficients ρPqp and ρ
U
qp in
eq. (4.6) are precisely the matrix elements of the orthogonal representations of gˆ and u(1),
respectively, in which the supercharges transform under the action of the currents LP and
U , i.e.
LP (z)Gp(w) ∼ ρ
P
qpG
q(w)
z − w , U(z)G
p(w) ∼ ρ
U
qpG
q(w)
z − w . (4.7)
After some algebra, we find the following solution: the supercharges split into two sets
indexed by
Π′ = {p′ | xp′+ = xp
′
− = 1} , Π′′ = {p′′ | xp
′′
+ = −xp
′′
− = 1} . (4.8)
where the corresponding matrices {Γp′} and {Γp′′} generate two mutually commuting Clif-
ford algebras
{Γp′ ,Γq′} = 2δp′q′1M , {Γp′′ ,Γq′′} = −2δp′′q′′1M , [Γp′ ,Γq′′ ] = 0 . (4.9)
The constants CPI± appearing in the spin 1 currents are given by the solutions of the relation
tP± = C
PI
± t
I , where
t
(p′q′)
± =
1
4
[Γp
′
,Γq
′
] , t
(p′′q′′)
± = −
1
4
[Γp
′′
,Γq
′′
] , t
(p′q′′)
± = −t(q
′′p′)
± = ±
1
4
{Γp′ ,Γq′′} . (4.10)
Clearly, t
(p′q′)
± generate so(N ′), where N ′ is the cardinality of Π′, t(p
′′q′′)
± generate so(N ′′),
where N ′′ is the cardinality of Π′′, while t(p′q′′)± transform in the representation (N ′,N ′′) of
so(N ′)⊕ so(N ′′). A direct computation shows that altogether the generators (4.10) satisfy
the commutation relations of so(N ), where N = N ′ +N ′′.
Now there are two cases to consider: 1) the matrices (4.10) are traceless or 2) they
are non-traceless. In fact, it is easy to conclude from the commutation relations of the
generators (4.10) that these cases correspond to 1) (N ′,N ′′) 6= (1, 1) and 2) N ′ = N ′′ = 1.
For b˜ and σ˜ we get the same values as above, see eq. (3.32) and the expression below (4.3).
Let us first consider case 2). This case corresponds to the N = 2 Kazama-Suzuki
cosets introduced before. Concretely, since there are no currents LP , only the U current
will contribute to the second pole of the OPE (4.6). The most general solution is given by
x1± = 1 , x
2
± = ±1 , Γ1 = iΓ2 , γ = 2 , ρU =
(
0 −i
i 0
)
, (4.11)
where Γ1 is any matrix that squares to identity.
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In case 1), corresponding to (N ′,N ′′) 6= (1, 1) we have that ξ = 0, and, consequently,
the current U will not appear in the second pole of the OPE (4.6). In addition, it can be
shown that the solution exists if and only if
k = N.
This solutions can be thought of as a generalization of the previous ansatz (with M > 1).
Indeed, if choose N ′′ = 1, Γp′′ = i1 and an irreducible representation for {Γ′}, we obtain
the old ansatz. Of course, we can choose reducible representations of the two Clifford
algebras to get smaller values of N ≤ 2ℓ+ 2 for fixed M = 2ℓ.
We have checked that also the more general solutions do not yield supersymmetry
either except for M = 1, 2. In fact, the operator V˜pq is given by
V˜pq=− 1
k+N+M
[
δpq(JIJI) + δpq(KIKI) + JIKJ tr(xp+x
q
−Γ
ptIΓqtJ + xp−x
q
+Γ
qtIΓptJ)
]
,
(4.12)
and we have checked that it cannot be rewritten solely in terms of the currents Lp appearing
in the second order pole of the OPE between the spin s = 3/2 operators.
5 Conclusions
In this paper we have performed the asymptotic symmetry analysis for the shsM [µ] Vasiliev
theories forM > 2 (the caseM = 2 was considered in [13]), and used the results to test the
holographic duality [14] between these theories and the ’t Hooft limit of the cosets (3.1).
In particular, we have computed OPEs between operators of low spin (s 6 2) in the
asymptotic symmetry algebra of shs4[µ], and compared these to the OPEs between the
corresponding operators of the dual coset theory and found agreement. Our computations
reproduce similar results obtained by different methods in [14, 25].
We have also studied whether the asymptotic symmetry algebra and the coset chiral
algebra exhibit (extended) supersymmetries for M > 2. Based on the observation that the
higher spin algebra shsM [µ] at µ = 1/2 and M = 2
N/2−1 with N even contains the Lie
superalgebra osp(N|2) as a subalgebra, we have made an ansatz for the supercharges in the
asymptotic symmetry algebra of shsM [
1
2 ] as well as in the dual cosets, see eqs. (2.31), (3.8)
and (3.28). Then we have computed the OPEs between these operators and found that they
contain bilinear terms built out of spin 1 currents that are not part of the superconformal
algebra, cf. (3.18), (3.33), (3.34), and hence break superconformal supersymmetry. We have
checked that these terms are also present for more general ansa¨tze for the supercharges.
In addition, we have studied the relation between the matrix extended higher spin
theories and the Vasiliev theories based on the higher spin algebra shsE(N|2,R), which
have played a role in the recent works of [26] and [25]. We have shown that the higher
spin algebra shsE(N|2,R) is isomorphic to shsM [12 ] with M = 2ℓ when N = 2ℓ + 2, and(
shsM [
1
2 ]
)Z2 withM = 2l when N = 2ℓ+1. This implies that we have found the CFT duals
of the shsE(N|2,R) Vasiliev theories in the case when N is even, thereby complementing
the dualities conjectured in [25]. For even N the dual theories are given simply as the
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’t Hooft limit of the cosets in (3.1). In addition, it follows immediately from the above
discussion that the asymptotic symmetry algebra of shsE(N|2,R) for N even and N > 4
does not contain the N -extended superconformal algebra as a subalgebra, for both the case
of λ-deformed and undeformed algebras.4
Finally, let us emphasize that our result on the non-existence of extended superconfor-
mal symmetry is restricted to shsM [µ] and shs
E(N|2,R) withN even only. An independent
analysis is required for the algebras
(
shsM
[
1
2
])Z2 or shsE(N|2,R) with N odd. In fact, for
the simplest case (
shs2
[
1
2
])Z2
≃ shsE(3|2)
we have checked that the asymptotic symmetry algebra does contain as a subalgebra the
non-linear N = 3 superconformal algebra of [37, 46–48]. This is because in this case all spin
1 currents are part of the superconformal algebra and the terms quadratic in the currents
in the OPEs of the supercharges do not spoil the superconformal symmetry.
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A OPEs between coset currents
In this appendix we provide explicit expressions for the operator product expansions
(OPEs) between currents of the coset (3.1). As in section 3.2, we shall employ the same
notation as in [24].
Let us begin with the OPEs between the currents that correspond to the su(N +M)k
coset factor. In the basis given in (3.19) these take the form
JA(z)JB(w) ∼ kδAB
(z − w)2 +
fABCJ
C(w)
z − w , (A.1)
JI(z)JJ(w) ∼ kδIJ
(z − w)2 +
fIJKJ
K(w)
z − w , J(z)J(w) ∼
kNM(N +M)
(z − w)2 ,
JA(z)Jai(w) ∼ t
A
baJ
bi(w)
z − w , J
I(z)Jai(w) ∼ −t
I
ijJ
aj(w)
z − w , J(z)J
ai(w) ∼ (N +M)J
ai(w)
z − w ,
JA(z)J¯ai(w) ∼ −t
A
abJ¯
bi(w)
z − w , J
I(z)J¯ai(w) ∼ t
I
jiJ¯
aj(w)
z − w , J(z)J¯
ai(w) ∼ −(N +M)J¯
ai(w)
z − w ,
Jai(z)J¯bj(w) ∼ kδijδab
(z − w)2 +
δijt
A
baJ
A(w)− δabtIijJI(w) + 1NM δijδabJ(w)
z − w ,
where [tA, tB] = fABCt
C defines a basis of su(N) and [tI , tJ ] = fIJKt
K defines a basis
of su(M), while tAab and t
I
ij are the matrix elements of the fundamental representation of
4We have confirmed this also by a direct computation in the asymptotic symmetry algebra of
shsE(N|2,R).
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su(N) and su(M), respectively. We have chosen the bases to be orthonormal, i.e. we have
that tr tAtB = δAB and tr t
ItJ = δIJ .
Then there are the NM Dirac fermions and their conjugates from the so(2NM)1
factor, which satisfy the standard OPEs
ψai(z)ψ¯bj(w) ∼ δabδij
z − w ∼ ψ¯
ai(z)ψbj(w) . (A.2)
Finally, the OPEs between the currents built out of these fermions defined in (3.20) take
the form
KA(z)KB(w) ∼ MδAB
(z − w)2 +
fABCK
C(w)
z − w , (A.3)
KI(z)KJ(w) ∼ NδIJ
(z − w)2 +
fIJKK
K(w)
z − w , K(z)K(w) ∼
NM
(z − w)2 ,
KA(z)ψai(w) ∼ t
A
baψ
bi(w)
z − w , K
I(z)ψai(w) ∼ −t
I
ijψ
aj(w)
z − w , K(z)ψ
ai(w) ∼ ψ
ai(w)
z − w ,
KA(z)ψ¯ai(w) ∼ −t
A
abψ¯
bi(w)
z − w , K
I(z)ψ¯ai(w) ∼ t
I
jiψ¯
aj(w)
z − w , K(z)ψ¯
ai(w) ∼ −ψ¯
ai(w)
z − w .
Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
References
[1] D.J. Gross, High-energy symmetries of string theory, Phys. Rev. Lett. 60 (1988) 1229
[INSPIRE].
[2] E. Witten, Space-time and topological orbifolds, Phys. Rev. Lett. 61 (1988) 670 [INSPIRE].
[3] G.W. Moore, Symmetries and symmetry breaking in string theory, in Proceedings of the
SUSY ′93 conference, “Supersymmetry and unification of fundamental interactions”, (1993),
pg. 540 [hep-th/9308052] [INSPIRE].
[4] C.-M. Chang, S. Minwalla, T. Sharma and X. Yin, ABJ triality: from higher spin fields to
strings, J. Phys. A 46 (2013) 214009 [arXiv:1207.4485] [INSPIRE].
[5] O. Aharony, G. Gur-Ari and R. Yacoby, D = 3 bosonic vector models coupled to
Chern-Simons gauge theories, JHEP 03 (2012) 037 [arXiv:1110.4382] [INSPIRE].
[6] S. Giombi et al., Chern-Simons theory with vector fermion matter,
Eur. Phys. J. C 72 (2012) 2112 [arXiv:1110.4386] [INSPIRE].
[7] O. Aharony, O. Bergman, D.L. Jafferis and J. Maldacena, N = 6 superconformal
Chern-Simons-matter theories, M2-branes and their gravity duals, JHEP 10 (2008) 091
[arXiv:0806.1218] [INSPIRE].
[8] O. Aharony, O. Bergman and D.L. Jafferis, Fractional M2-branes, JHEP 11 (2008) 043
[arXiv:0807.4924] [INSPIRE].
[9] I.R. Klebanov and A.M. Polyakov, AdS dual of the critical O(N) vector model,
Phys. Lett. B 550 (2002) 213 [hep-th/0210114] [INSPIRE].
– 20 –
J
H
E
P
1
2
(
2
0
1
4
)
1
1
3
[10] S. Giombi and I.R. Klebanov, One loop tests of higher spin AdS/CFT, JHEP 12 (2013) 068
[arXiv:1308.2337] [INSPIRE].
[11] M.R. Gaberdiel and R. Gopakumar, An AdS3 dual for minimal model CFTs,
Phys. Rev. D 83 (2011) 066007 [arXiv:1011.2986] [INSPIRE].
[12] M.R. Gaberdiel and R. Gopakumar, Minimal model holography,
J. Phys. A 46 (2013) 214002 [arXiv:1207.6697] [INSPIRE].
[13] M.R. Gaberdiel and R. Gopakumar, Large-N = 4 holography, JHEP 09 (2013) 036
[arXiv:1305.4181] [INSPIRE].
[14] T. Creutzig, Y. Hikida and P.B. Ronne, Extended higher spin holography and Grassmannian
models, JHEP 11 (2013) 038 [arXiv:1306.0466] [INSPIRE].
[15] S.F. Prokushkin and M.A. Vasiliev, Higher spin gauge interactions for massive matter fields
in 3D AdS space-time, Nucl. Phys. B 545 (1999) 385 [hep-th/9806236] [INSPIRE].
[16] S. Prokushkin and M.A. Vasiliev, 3D higher spin gauge theories with matter,
hep-th/9812242 [INSPIRE].
[17] M. Beccaria, C. Candu and M.R. Gaberdiel, The large-N = 4 superconformal W∞ algebra,
JHEP 06 (2014) 117 [arXiv:1404.1694] [INSPIRE].
[18] M.R. Gaberdiel and C. Peng, The symmetry of large N = 4 holography, JHEP 05 (2014) 152
[arXiv:1403.2396] [INSPIRE].
[19] C. Ahn, Higher spin currents in Wolf space. Part I, JHEP 03 (2014) 091 [arXiv:1311.6205]
[INSPIRE].
[20] C. Ahn, Higher spin currents in Wolf space. Part II, arXiv:1408.0655 [INSPIRE].
[21] M.R. Gaberdiel and R. Gopakumar, Higher spins & strings, JHEP 11 (2014) 044
[arXiv:1406.6103] [INSPIRE].
[22] J.R. David, G. Mandal and S.R. Wadia, Microscopic formulation of black holes in string
theory, Phys. Rept. 369 (2002) 549 [hep-th/0203048] [INSPIRE].
[23] M.R. Gaberdiel and M. Kelm, The continuous orbifold of N = 2 minimal model holography,
JHEP 08 (2014) 084 [arXiv:1406.2345] [INSPIRE].
[24] C. Candu and C. Vollenweider, On the coset duals of extended higher spin theories,
JHEP 04 (2014) 145 [arXiv:1312.5240] [INSPIRE].
[25] T. Creutzig, Y. Hikida and P.B. Ronne, Higher spin AdS3 holography with extended
supersymmetry, JHEP 10 (2014) 163 [arXiv:1406.1521] [INSPIRE].
[26] M. Henneaux, G. Lucena Go´mez, J. Park and S.-J. Rey, Super-W∞ asymptotic symmetry of
higher-spin AdS3 supergravity, JHEP 06 (2012) 037 [arXiv:1203.5152] [INSPIRE].
[27] M.A. Vasiliev, Extended higher spin superalgebras and their realizations in terms of quantum
operators, Fortsch. Phys. 36 (1988) 33 [INSPIRE].
[28] M.P. Blencowe, A consistent interacting massless higher spin field theory in D = (2 + 1),
Class. Quant. Grav. 6 (1989) 443 [INSPIRE].
[29] M. Beccaria, C. Candu, M.R. Gaberdiel and M. Groher, N = 1 extension of minimal model
holography, JHEP 07 (2013) 174 [arXiv:1305.1048] [INSPIRE].
[30] E. Bergshoeff, B. de Wit and M.A. Vasiliev, The structure of the super-W∞(λ) algebra,
Nucl. Phys. B 366 (1991) 315 [INSPIRE].
– 21 –
J
H
E
P
1
2
(
2
0
1
4
)
1
1
3
[31] G. Lucena Go´mez, Aspects of higher-spin theory with fermions, arXiv:1406.5319 [INSPIRE].
[32] A. Achucarro and P.K. Townsend, A Chern-Simons action for three-dimensional
anti-de Sitter supergravity theories, Phys. Lett. B 180 (1986) 89 [INSPIRE].
[33] E. Witten, (2 + 1)-dimensional gravity as an exactly soluble system,
Nucl. Phys. B 311 (1988) 46 [INSPIRE].
[34] M. Henneaux and S.-J. Rey, Nonlinear W∞ as asymptotic symmetry of three-dimensional
higher spin anti-de Sitter gravity, JHEP 12 (2010) 007 [arXiv:1008.4579] [INSPIRE].
[35] A. Campoleoni, S. Fredenhagen, S. Pfenninger and S. Theisen, Asymptotic symmetries of
three-dimensional gravity coupled to higher-spin fields, JHEP 11 (2010) 007
[arXiv:1008.4744] [INSPIRE].
[36] M.R. Gaberdiel and T. Hartman, Symmetries of holographic minimal models,
JHEP 05 (2011) 031 [arXiv:1101.2910] [INSPIRE].
[37] M. Henneaux, L. Maoz and A. Schwimmer, Asymptotic dynamics and asymptotic symmetries
of three-dimensional extended AdS supergravity, Annals Phys. 282 (2000) 31
[hep-th/9910013] [INSPIRE].
[38] K. Hanaki and C. Peng, Symmetries of holographic super-minimal models,
JHEP 08 (2013) 030 [arXiv:1203.5768] [INSPIRE].
[39] P. Goddard, A. Kent and D.I. Olive, Virasoro algebras and coset space models,
Phys. Lett. B 152 (1985) 88 [INSPIRE].
[40] P. Goddard, A. Kent and D.I. Olive, Unitary representations of the Virasoro and
Supervirasoro algebras, Commun. Math. Phys. 103 (1986) 105 [INSPIRE].
[41] C. Candu and C. Vollenweider, The N = 1 algebra W∞[µ] and its truncations,
JHEP 11 (2013) 032 [arXiv:1305.0013] [INSPIRE].
[42] Y. Kazama and H. Suzuki, New N = 2 superconformal field theories and superstring
compactification, Nucl. Phys. B 321 (1989) 232 [INSPIRE].
[43] P. Spindel, A. Sevrin, W. Troost and A. Van Proeyen, Extended supersymmetric σ-models on
group manifolds. 1. The complex structures, Nucl. Phys. B 308 (1988) 662 [INSPIRE].
[44] A. Van Proeyen, Realizations of N = 4 superconformal algebras on Wolf spaces,
Class. Quant. Grav. 6 (1989) 1501 [INSPIRE].
[45] A. Sevrin and G. Theodoridis, N = 4 superconformal coset theories,
Nucl. Phys. B 332 (1990) 380 [INSPIRE].
[46] V.G. Knizhnik, Superconformal algebras in two-dimensions,
Theor. Math. Phys. 66 (1986) 68 [Teor. Mat. Fiz. 66 (1986) 102] [INSPIRE].
[47] M.A. Bershadsky, Superconformal algebras in two-dimensions with arbitrary N ,
Phys. Lett. B 174 (1986) 285 [INSPIRE].
[48] E.S. Fradkin and V.Y. Linetsky, Classification of superconformal and quasisuperconformal
algebras in two-dimensions, Phys. Lett. B 291 (1992) 71 [INSPIRE].
– 22 –
